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ABSTRACT

The survival of Escherichia col, a common indicator organism among sewage
bacteria was studied in sea water at 0 C. It was found that from the time of inocu-
lation about 70 percent of the organisms survived for 8 days, 34 percent for 15 days,
and I percent for 35 days.
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INTRODUCTION

The study of the survival of Escherichia coli in sea water at 0 C was made
under the Navy Laboratories Research program as an adjunct to the development of
a suitable sanitation system for use at advanced bases, notably under conditions
encountered in the polar regions.

When raw sewage is discharged into very cold water, the natural processes of
purification operate at considerably different rates than in temperate water. Although
the need for biochemical oxygen is much less serious because of lowered biological
activity, the mortality rate of pathogenic organisms is retarded. To gain further
information on the magnitude of this latter effect, the common indicator organism,
E. coli, was studied at near-freezing temperatures.

Before this study could be accomplished, it was necessary to select a method
whereby the test organism could be recovered quantitatively from natural sea water
incubated at 0 C. Various methods were investigated with respect to the preparation
of the pure culture (test organisms), type of selective media, and plating procedures.
The method developed by A. F. Carlucci and David Pramer' was selected. This
technique uses Tergitol 7 agar with TTC (Triphenyltetrazolium chloride) added to
differentiate E. coli colonies.

TEST PROCEDURES

The basic test procedure was to obtain survival data by inoculating bottles of
sea water with known numbers of E. coli organisms and then making periodic checks
of the number surviving after various periods of time. Unsterilized sea water was
inoculated and then stored at 0 C. Details of the various techniques are given in
the following paragraphs.

Preparation of Media and Inocula

Tergitol 7 agar is selective for the development and isolation of coliform
organisms. 2 In the technique employed, the addition of 40 ppm TTC to the media
greatly faciiitated the identification of E. coli without influencing its growth.
With TTC, the test organisms produced brown-centered colonies with yellow halos
and were readily differentiated from colonies of Aerobacter aerogenes which had

dark red centers and blue halos. 3



The media was prepared by suspending 33 grams of dehydrated Tergitol 7 agar
in 1 liter of cold distilled water. The suspension was then boiled for a few minutes
until all the medium was dissolved. It was then sterilized in the autoclave for
15 minutes at 15 pounds pressure at 121 C. Final reaction of the medium was a
pH of 6.9. When the media was sterile, 40 mg of TTC was added per liter, and
completed media was poured into sterile 250-ml Erlenmeyer flasks and stored in a
refrigerator.

Approximately 16 ml of Ter giol 7 agar were poured into each plate and
allowed to solidify. Disposal plastic petri dishes 100 x 15 mm were used throughout
the tests. These plates were poured well in advance so the agar would have
sufficient time to solidify and to insure a dry surface.

The agar plates were inoculated by smearing the surface with the appropriate
dilutions of the specimen, using a bent glass rod. Pour plates were tried but did not
give satisfactory results, and the method was disca.,Jed. For these tests, 0.03 ml of
inoculum was used per plate and distributed over the surface with the bent glass rod.
The plates were incubated for 24 hours at 37 C, and colony counts were made. The
incubators were kept well-saturated with moisture.

The bacteria used in these studies consisted of a suspension of washed cells of
a pure culture of E. coli prepared by suspending 18- 24-hour-old nutrient lactose
slant cultures of E. coli in sterile tap water. The cells were collected by centrifugation
and washed three times with sterile tap water. The final cell suspension was adjusted
with sterile tap water to a density equal to a cell concentration of approximately
4 x 108 per ml. Then, 1-ml samples of this inocula were used for inoculating the
fresh sea water samples prior to treatment.

Preparation of Sea Water

Sea water samples were collected at high tide, approximately 1/2 mile
offshore from the Oxnard Small-Boot Harbor. The area is fairly free of pollution and
receives little or no fresh water dilution. The samples were collected in sterile
ground-glass-stoppered sampling Flasks. The temperature of a portion of the water
sampled was measured on the spot. The duration of the trip from the sampling site
to the Laboratory did not exceed 1/2 hour. A portion of water from each sample
was tested promptly on arrival at the Laboratory, to determine pH, salinity, and
the number of coliform bacteria, using Tergitol 7 agar. A Beckman pH meter
electrometrically determined pH. Salinity was determined by titration with AgNO 3 ,
according to the Mohr method. 4 Coliform bacterial counts of the raw sea water were
made by inoculating the surface of the plates of Tergitol 7 agar with TTC with 0.02 ml
of the water sample or dilutions thereof. Coliforms were counted after 48 hours
incubation at 37 C.
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Survival Results

When the preliminary tests of the sea water samples were completed, inoculum
was prepared for the survival experiment. The inoculum was a pure culture of
E. coli cells suspended in sterile tap water. The concentration of the final cell
suspension approximated 4 x 108 per ml.

For quantitatively determining survival of the cells, each of two 100-ml
portions of the same recently collected sample of sea water, in sterile 150-ml
Erlenmeyer flasks, was inoculated to contain approximately 4 x 106 cells of E. coli
per ml. The water in the flasks was swirled manually to insure uniform distribution
of the inoculum. An aliquot was then taken from each of the test flasks, and appro-
priate dilutions were plated to determine the initial number of test cells. The flasks
were incubated at 0 C without agitation. Survival of the test organisms was determined
daily for the first 8 days, and then on various days thereafter until an elapsed incuba-
tion period of 35 days had expired (Table I).

A series of plates was inoculated with 0.02 ml of various dilutions of the
samples being tested, and the inoculum was distributed over the dry surface of the
agar with a bent glass rod. Plates were then incubated at 37 C for 24 hours, and
colony counts were made (Figure 1).

1. ie es

Figure 1. E. cali colonies on Tergitol 7 plates.
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Table I. Survival of Escherichia coli in Sea Water at 0 C

Days Sample Number 1 Sample Number 2 Average

Cells/ml Percent Cells/ml Percent (%)

0 3,610,000 4,435,000

1 3,780,000 4,490,000

2 3,755,000 2,115,000

3 3,900,000 3,380,000

4 3,400,000 3,290,000

5 3,700,000 2,940,000

6 2,915,000 3,750,000

7 3,615,000 100 3,600,000 100 100

8 2,875,000 80 2,765,000 62 71

10 2,475,000 2,225,000

13 1,865,000 1,565,000

15 1,450,000 40 1,250,000 28 34

20 460,000 385,000

29 193,800 95,000

35 67,000 1.9 12,600 0.3 1

44 40,250 9,500
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TEST RESULTS

The average temperature of the sea water was 12 C at the time of sampling.
The pH averaged 8.2 at 17 C. Average salinity was 18,240 parts per million
chloride. There was no E. coli in any of the fresh sea water samples plated, nor
were any Aerobacter aerogenes detected in any of the samples tested.

The results of the quantitative determination of E. coli in sea water samples
stored at 0 C confirm previous works 5 ,6 that low temperatures, comparable to those
encountered in polar areas, favor survival of bacteria in sea water. Table I shows
the percent of E. coli which survived at 0 C over a period of time (in days). The
table also shows that the numbers of E. coli tend to fluctuate up and down during
the initial week of incubation, with the cell concentration a little less than 4 x 106

per ml. This is comparable to the initial cell concentration prior to incubation at
0 C. After 7 days, the cell counts decreased daily. Results were confirmed with a
duplicate test. The E. coli surviving after 35 days at 0 C averaged in excess of 1
percent or approximately 36,000 per ml. These survival times are much greater than
those reported in Reference 1 for warmer waters. That data shows that at 20 C only
11 percent of E. coli survived for 48 hours.

The eventual decline in numbers is probably due to the diminishing source of
food supply. This was especially evident in a supplementary test when a fresh sample
(100 ml) of sea water (free of coliform organisms) was inoculated with 1-ml of sus-
pension containing only 9500 cells of E. coli taken from an old test sample. After
a 1-day incubation at 0 C, plate counts of this fresh inoculated sample showed that
cells had increased to 510,000 per ml.

This large increase confirms the belief that the nutrient supply was an
important factor in governing the survival of organisms; it also indicates the
absence of antagonistic organisms in the sea water used.

When sewage is discharged in polar seas, reduction of numbers of sewage
bacteria would be mainly a result of dilution and sedimentation. The presence of
antagonistic organisms would further reduce the numbers. A need for disinfection
of sewage discharges in polar regions is indicated if there is any possibility that
sewage effluents will disperse to inhabited coastal areas.

CONCLUSION

Low sea water temperatures favor the survival of large numbers of sewage
bacteria.
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